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@ Self-aligned silicided base bipolar transistor and resistor and method of fabrication.

@ A bipolar transistor and resistor are provided.
Fabrication includes using a high temperature oxide
to form sidewall spacers for the transistor contacts
and/or to overlay the resistor portion of the device.
Deposition of the HTO is combined with dopant

drive-in so that fewer total steps are required. The
process is compatible with MOS technology so that
the bipolar transistor and resistor can be formed on
a substrate along with MOS devices.
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The present invention relates to the field of
semiconductor devices and their manufacture.
More specifically, in one embodiment the invention
provides a bipolar transistor and a resistor on a
single substrate and a process for their fabrication,
using a single layer of polysilicon.

Previous methods have been available for pro-
ducing transistors and resistors on a substrate. One
advantageous method of producing such devices
involves using a single layer of polysilicon which is
selectively doped to perform the needed functions.
The resulting devices can include only bipolar tran-
sistors and resistors or can include other types of
devices such as CMOS devices to provide a
"BiCMOS" product. BICMOS devices offer the ad-
vantages of the high packing density and low pow-
er consumption of CMOS devices, as well as the
high speed of bipolar devices. One BiCMOS device
and process for fabrication thereof is described in
U.S. Patent No. 4,764,480 (Vora), assigned to the
assignee of the present invention.

Previous applications of bipolar transistors and
resistors using single layer polysilicon techniques
have included selectively providing a layer of sili-
con nitride to selectively mask the resistor during
subsequent processing. Previous fabrication tech-
niques, however, have resulted in certain undesira-
ble effects. A certain amount of the polysilicon's
line width was lost during oxidation or dopant drive-
in processes. Additionally, the transistor base resis-
tance was relatively high.

The present invention includes the recognition
of problems of the previous devices noted above.
According to the present invention, as defined in
claims 1, 5, and 6 silicon nitride is not needed.
Rather, a high temperature oxide (HTO) is depos-
ited and is used to form sidewall spacers for the
transistor contacts and/or to overlay the resistor
portion of the device. Preferably, deposition of the
HTO is combined with dopant drive-in so that fewer
total steps are required. Because the subsirate
adjacent the base is silicided, a lower base resis-
tance is obtained. The polysilicon line width loss is
lessened, since sidewall oxidation is prevented,
leading to better process control. The described
process is compatible with the MOS technology so
that the bipolar transistor and resistor as described
can be formed on a substrate with MOS devices,
preferably resulting in an improved BiCMOS de-
vice.

In one embodiment the invention comprises
forming a collector, buried layer, and base by se-
lectively doping a substrate and forming a layer of
polysilicon on the substrate. The polysilicon is se-
lectively doped and etched to form emitier, base,
and collector contacts and to also form a resistor. A
layer of high-temperature oxide is deposited over
the polysilicon and the exposed portions of the
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substrate at an elevated temperature. The high-
temperature process causes simultaneous driving-
in of dopants from the polysilicon to increase dop-
ing concentrations in the base layer. High-tempera-
ture oxide deposition takes place in the absence of
a layer of nitride on the polysilicon. The deposited
high-temperature oxide is selectively etched to
form sidewalls adjacent the collector, emitter, and
base contacts.

A further understanding of the nature and ad-
vantages of the inventions herein may be realized
by reference to the remaining portions of the speci-
fication and the attached drawings.

Fig. 1 is a cross-section of a transistor-resistor
structure according to one embodiment of the
invention;

Fig.'s 2a to 2k illustrate fabrication of a
transistor-resistor device;

Fig. 3 illustrates I, versus frequency for a bipolar
transistor according to one embodiment of the
invention;

CONTENTS
I. General
Il. Fabrication Sequence of a BiCMOS Device

1ll. Device Performance

|. General

Fig. 1 illustrates a BiCMOS device in cross-
section according to one embodiment of the inven-
tion. The device includes a bipolar transistor 2
(which in the embodiment shown in Fig. 1 is an
NPN transistor) and a resistor 3. The devices are
fabricated on a substrate 10 which includes a
single-crystal body 10a and an epitaxial layer 11. In
the embodiment shown in Fig. 1 the single-crystal
body 10a is a p- conductivity type body having a
dopant concentration of between about 1x10'2 and
1x10%® with a preferred range of between 2x10'*
and 3x10'/cm3. Using well-known techniques, a
reduced pressure n-type epitaxial silicon layer 11 is
grown on top of the single-crystal body, within
which the devices are fabricated.

The NPN transistor 2 is provided with a heavily
doped buried layer 16 and collector sink 17, which
together provide a low resistance connection region
between a collector contact 20 and the collector
16a beneath p-type base which inciudes p + doped
regions 18, 18' and a more lightly doped region
18a between the p+ doped regions 18, 18'. In
preferred embodiments the buried layer 16 and
sink 17 are doped to a concentration of between
about 1x10"7 and 1x10%° with a preferred range of
about 5x10'® to 1x102%/cm3. The collector 16a is a
more lightly doped n-type, formed between the
base region 18 and the buried layer 16. An emitter
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region 27a is diffused from the emitter contact 27
into the underlying epitaxial layer 11.

Well-known p+ channel stops 19, 19" are pro-
vided beneath the silicon dioxide isolation regions
between the NPN transistor and adjacent devices
to prevent surface inversion of the lightly doped
substrate which would connect the buried layer 16
with adjacent devices. Oxide isolation regions 22a,
22b, and 22c respectively, are provided which are
typically SiO» for device isolation. Viewed from the
top, these silicon dioxide isolation regions form
annular rings around regions of the epitaxial layer
{o isolate them.

Along the surface of the device are polycrystal-
line silicon (polysilicon) regions forming a p+ base
contacts 26, 26", emitter contact 27, collector con-
tact 20, and resistor 3. The collector contact 20
also function as an end contact of the resistor 3.
Preferably, the polysilicon regions are formed from
a single layer of deposited polysilicon, as de-
scribed below.

Oxide layers form sidewalls 44 for the emitter
contact 27. Oxide layers also form sidewalls 45, 45'
for the base and collector contacts 26, 20 and a
layer 45a on the upper surface of the resistor 24.
Refractory metal silicide contacts 46, 46' are
formed on the p+ bipolar fransistor base contacts
26, 26'. Silicide 47, 47' covers the base region
from the sidewalls 45 of the base contacts 26, 26'
up to the sidewall oxide 44 of the emitter contact
27. A separate silicide contact 48 is provided along
the top portion of the emitter 27 between the
sidewall spacer oxide regions 44. A silicide contact
48a is provided above the field oxide region 22b
between the base contact sidewall spacer 45 and
the collector contact spacer 45'. Similarly, a silicide
contact 49 is provided for collector contact 20. The
refractory metal contacts shown herein reduce the
resistivity of the adjacent polysilicon contacts and,
therefore, increase the speed of the device.

The structure further includes a thick (0.8 to 1.3
and preferably about 1.3 gm) oxide layer 56 to
insulate the devices from metal layer 58, used for
interconnection purposes.

Il. Fabrication Sequence of BiCMOS Devices

Fig.'s 2a through 2n illustrate fabrication of the
BiCMOS devices shown in Fig. 1. In particular, Fig.
2a illustrates a cross-section of the devices at a
first stage of their fabrication. To reach this stage,
the single-crystal body 10a was masked and a
dopant such as arsenic, antimony or the like, was
implanted for formation of the n+ buried layer 16.
The implant energy used for formation of region 16
is preferably about 100 to 200 KeV with a preferred
range of between about 70 to 80 keV such that the
dopant concentration of regions 14 and 16 is be-
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tween about 5x10'7 to 2x10%° with a preferred
range of about 1x10"? and 1x102°/cm3.

After formation of the n+ region 16, the device
is then masked for formation of the p+ channel
stop 19. The implant energy used in formation of
the region 19 is preferably between about 100 to
200 keV with a preferred range of 50 to 150 keV
such that the dopant concentration of the p+
buried layers is between about 1x10'V and
1x10'8/cm3. The p + regions preferably are doped
with boron.

The buried layer/channel stop mask is then
removed and a doped n-type epitaxial silicon layer
11 having a thickness of about 1.1 um is grown
across the surface of the single-crystal body 10a.
After depositing sandwiched layers of oxide and
nitride, a photoresist mask is then formed over the
surface so as to define field oxide regions 22a,
22h, and 22¢. The oxide regions are formed using
a modified sidewall masked isolation ("SWAMI™)
process. The SWAMI process is described in, e.g.,
Chin, et al. IEEE Transactions on Electron Devices,
Vol ED-29, No. 4, April, 1982, pp. 536-540. The
process is modified by changing the silicon eich
procedure and depth, and by choosing different
oxide/nitride/oxide sidewall layers. The substrate is
then oxidized in a high pressure oxidation environ-
ment to grow the necessary field oxide.

Thereafter, a grown "screen" oxide layer hav-
ing a thickness of about 250 A is formed on the
surface of the substrate preferably by thermal oxi-
dation and a mask is formed, exposing only the
sink region 17. A sink implant using an implant
energy of about 100 to 190 keV with a dose of
between about 1x10'* and 1x10'® using phospho-
rus as a dopant. The resulting dopant concentration
in the sink region 17 is between about 1x10"? and
1x10%%/cm3. The sink and n-well are then annealed
and driven-in by heating with a conventional ther-
mal cycle in nitrogen.

Fig. 2b illustrates the next sequence of process
steps. A layer of intrinsic polysilicon 64 having a
thickness of about 1,000 {o 4,000 and preferably
about 3,200 A is deposited across the surface of
the substrate and a cap oxide layer 66 is formed
by thermal oxidation of the polysilicon layer 64.
The devices are then masked with photoresist to
expose at least regions which will become the base
region of the bipolar transistor and the lightly dop-
ed regions of the resistors. A base implant is then
performed and the base is annealed. In preferred
embodiments the base implant uses an energy of
between about 30 and 100 KeV, with an implant
energy of between about 30 and 50 KeV preferred.
The dose of this implant is preferably between
about 3x10'3 and 8x10%3. In preferred embodiments
the anneal is performed by heating the structure to
950° C for 45 minutes, and results in a p- base
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region 18 having a thickness of between about
1,000 and 2,000 A with a dopant concentration of
between about 1x10'8 and 1x10'%/cm3, with a dop-
ant concentration of about 5x10'8/cm? preferred.

Thereafter, a mask is formed which exposes at
least regions 70, 70' (Fig. 2c) which will eventually
be portions of the base contacts. The regions are
preferably doped p+ using boron o a concentra-
tion of between about 1x10"® and 1x10%%/cm? with
a dopant concentration of about 6x10'%/cm? pre-
ferred. The p+ mask is removed and another mask
is formed on the surface of the device to expose at
least regions 68a and 68b which eventually will be
used as the bipolar emitter, and the bipolar collec-
tor contacts. The regions 68 are doped n+ using
an arsenic implant with an energy of about 100 keV
to a concentration of beiween about 5x10'? and
1x102%/cm3. The regions which will become the
resistor and adjacent polysilicon 69a, 69b, 69c may
be either n+ or p+ and thus may be included in
gither the n+ or p+ mask.

Next, a photoresist mask 71, is formed on the
surface of the oxide to define the base, emitter,
and collector of the bipolar transistor and the resis-
tor. A dry etch with chlorine chemistry resuits in
the structure shown in Fig. 2c. As shown, the etch
is conducted such that the exposed bipolar base
regions (exirinsic base) 73 are eiched below the
original epitaxial surface by about 1000 to 20004 to
reduce emitter/base capacitance in the bipolar tran-
sistors. Fig. 2d shows the configuration of the de-
vice following such an efch, and after removal of
the photoresist.

A p-type LDD using a dopant such as BF: is
performed across the surface of the bipolar transis-
tor with the base region 73 of the bipolar transistor
exposed by a mask. A more heavily doped p-
region 74 which will be self-aligned to the emitter is
formed in the base 18 of the bipolar transistor. The
resulting net dopant concentration in the region 74
is between about 5x10"7 and 1x10'%/cm3. The im-
plant energy is preferably between about 40 and
60 KeV.

In some cases, it is desired to grow a thin
(about 100,3\) layer (not shown) of SiQ: over the
surface of the device. Such a layer is particularly
useful when the HTO (described below) is of a low
quality. In the alternative, the HTO, deposited as
described below, can be treated to improve its
quality.

As shown in Fig. 2e, a high temperature oxide
(HTO) layer 75 is next deposited using methods
well known in the art. The high temperature oxide
is a silicon oxide and is preferably about 2,000 to
3,000A thick. HTO deposition is conducted at an
elevated temperature of about 825 to 850° C.
Preferably, HTO deposition is done simultaneously
with dopant drive-in which is caused by the high-
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temperature processing used during HTO deposi-
tion. By combining HTO deposition with dopant
drive-in, @ simpler process results because fewer
steps are required. Furthermore, because, as de-
scribed below, the HTO is used both to provide
sidewall spacers and to protect the resistor during
further processing, the process is further simplified
compared to previous processes which use an
oxide material for sidewall spacers but require a
separate nitride layer for masking areas other than
the resistor 3. Although, as noted above, the resis-
tor 3 can be an n type or a p type resistor, Figs. 2
2k depict one preferred embodiment in which the
resistor is an n- resistor and is formed adjacent to
the collector contact 20.

Referring to Fig. 2g, a photoresist silicide ex-
clusion mask 82 is formed on the device on poly-
silicon regions where silicide formation is not de-
sired (e.g., over the center portion of the resistor).
The oxide is then etched back, leaving spacer
oxide 44, 45 on exposed sides of the emitter con-
tact 27, base contacts 26, 26, and collector contact
20 using means known to those of skill in the art, to
produce the configuration of Fig. 2h.

Next, a layer of refractory metal 84 such as
titanium, molybdenum, tantalum, tungsten, or the
like, is deposited across the surface of the device
(Fig. 2i). Using means well known to those of skill
in the art, the layer is heated to about 750" C. for
about 10 seconds, preferably using a rapid thermal
anneal (RTA). The heating results in the formation
of metal silicide in regions where the deposited
metal is in contact with polysilicon. Remaining un-
reacted metal is then etched away from the device,
e.g., using H202 or NHsOH, leaving a structure as
shown in Fig. 2j. As shown therein, the bipolar
polysilicon base contacts 26, 26' are covered with
siticide 46 across their horizontal upper surfaces. In
addition, silicide contacts 47, 47' exiend along the
horizontal upper surface of the exposed base from
the collector contact sidewalls 45 fully up to the
emitter contact sidewall oxide 44. The silicide con-
tact 98 of the emitter extends across the horizontal
upper surface of the emitter from one sidewall
oxide 44 to the opposite sidewall oxide 44. The
silicide 80 on the collector contact 20 extends
across the horizontal upper surface of the collector
contact 20.

Fig. 2k illustrates the next step in the fabrica-
tion sequence in which an oxide layer 56 is depos-
ited and masked to form contact holes 56' therein.
Metal is deposited on the surface of the device,
masked, and eiched from selected regions, provid-
ing the device shown in Fig. 1.

The present process minimizes loss of poly-
silicon line width by reducing sidewall oxidation
which tended to erode the polysilicon sidewall and
thus reduce line width. Furthermore, by providing
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for a silicide layer in the exirinsic base region, the
base resistance is lowered leading to higher perfor-
mance in the transistors. The described process is
compatible with MOS technologies and thus the
described bipolar device and resistor can be
formed simultaneously with formation with MOS
devices, for example to produce BiCMOS devices.

Ill. Device Performance

Fig. 3 depicts certain performance characteris-
tics of a bipolar device produced as described
above. Fig. 3 shows the collector current in mil-
liamps over a frequency range from 374.6 MHz to
346.69 MHz. Note that performance is essentially
linear to well over 3 GHz.

It is to be understood that the above descrip-
tion is intended to be illustrative and not restrictive.
Many variations of the invention will become appar-
ent to those of skill in the art upon review of this
disclosure. Merely by way of example particular
regions of the devices shown herein have been
illustrated as being p-type or n-type, but it will be
apparent o those of skill in the art that the role of
n- and p-type dopants may readily be reversed.
Further, while the invention has been illustrated
with regard to specific dopant concentrations in
some instances, it should also be clear that a wide
range of dopant concentrations may be used for
many features of the devices herein without depart-
ing from the scope of the inventions herein. Still
further, while the inventions herein have been illus-
trated primarily in relation to a bipolar device, many
facets of the invention could be applied in the
fabrication of MOSFETSs, BiCMOS or other devices
in combination with the disclosed device. The
scope of the invention should, therefore, be deter-
mined not with reference to the above description,
but instead should be determined with reference to
the appended claims along with their full scope of
equivalents.

Claims

1. A method for producing a bipolar transistor

and a resistor on a substrate, comprising:

selectively doping portions of said . sub-
strate to provide a buried layer, a collector
layer, and a base layer overlying the collector
layer;

depositing a layer of polysilicon on said
substrate;

selectively doping and eiching portions of
said polysilicon layer to form emitter, base and
collector contacts and a resistor;

depositing a layer of high-temperature ox-
ide over said polysilicon and exposed portions
of said substrate at an elevated temperature,
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while simultaneously driving-in dopants from
said polysilicon to increase doping concentra-
tions in said base layer, said depositing taking
place in the absence of a layer of niiride
overlying said polysilicon;

selectively etching said high temperature
oxide to form sidewall spacers adjacent said
collector, emitter and base contacts.

A method, as claimed in claim 1, further com-
prising:

depositing a mask material on said high-
temperature oxide in the region of said resistor
before said step of selectively etching said
high-temperature oxide, to maintain a layer of
high-temperature oxide over said resistor.

A method, as claimed in claim 1, further com-
prising:

forming a metal silicide layer at least on
the upper surfaces of said collector, emitter
and base contacts and contacting said sub-
strate adjacent said base region.

A method, as claimed in claim 2, further com-
prising:

forming a metal silicide layer in regions
not overlain by high temperature oxide wherein
said sidewalls of said contacts and said resis-
tor remain free of metal silicide.

A method for producing a bipolar transistor
and resistor on a substrate, comprising:

selectively doping portions of said sub-
strate to provide a collector layer, a buried
layer, and a base layer overlying the collector
layer;

depositing a layer of polysilicon on said
substrate;

selectively doping and etching portions of
said polysilicon layer to form emitter, base,
and collector contacts and a resistor;

depositing a layer of high-temperature ox-
ide over said polysilicon and exposed portions
of said substrate at an elevated temperature,
while simultaneously driving-in dopanis from
said polysilicon to increase doping concentra-
tions in said base layer, said depositing taking
place in the absence of a layer of nitride
overlying said polysilicon;

depositing a masked material on said high-
temperature oxide in the region of said resis-
tor, to maintain a layer of high temperature
oxide over said resistor;

selectively etching said high-temperature
oxide to form sidewalls spacers adjacent said
collector and base contacts; and

forming a metal silicide layer on at least
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the upper surfaces of said collector, emitter,
and base contacts and on said substrate adja-
cent to said base, wherein said sidewalls of
said contacts and at least a portion of said
resistor remain free of metal silicide.

A semiconductor device containing a bipolar
transistor and a resistor, comprising:

a single-crystal substrate containing doped
regions forming coilector, emitter and base re-
gions of a bipolar transistor;

doped polysilicon regions adjacent said
substrate forming a resistor and coliector, emit-
ter, and base contacts, said contacts having
sidewalls;

sidewall spacers formed at least on said
emitter sidewalls, said spacers formed of high-
temperature oxide;

a layer of high-temperature oxide overlying
said resistor; and

metal silicide overlying at least said collec-
tor, emitter and base contacts and said sub-
strate adjacent said base region.
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